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The polarographlc studies on Rh(III) complexes of the type [Rh(NH3)SX]n+(X=C1-, H20, NOi
NCS-) have been carried out. The waves are diffusion-controlled and irreversible in nature. The
rate constants (Kr) for electrode reduction has been evaluated by the method of Oldham and Parry
{Analyt. Chern., 40 (1968), 65]. The EI/2 values of the complexes and also of [Rh(N1I3)sOH]'';' fall
approximately on stralght lines when plotted against the energy for the first d-d transition (VI)
or the available 10 Dq values and the gradient in both the cases is 6·1 x 10-6 V em. The plot of
-log K; against vl also shows similar trend.
v
VLCEK 1-3 proposed a correlation between thepolarographic half-wave potentials (E1/2) andthe spectroscopic properties of transition
metal complexes from a comparative study of the
electrode reduction behaviour of complexes of the
types [Mill YsX] and [MY6] (e.g. [Co(NHa)6]3+,
[CO(CN)8]a-, etc.). A linear relation was found
in E1/2 with Av, the difference in energy of the first
spin-allowed transition of [MY6] and (MYsX].
Significant work in this line has been carried out
by Crow' and Gillard et aI.s for complexes of the
type [Rh(en)2X2] (en = ethylenediamine, X = NOi,
NCS-, I-, Be and Cl-). Addison et aI.' observed
recently that while several diacido bis-ethylenedi-
amine complexes of Rh(III) lie in a straight line
when E1/2 is plotted against VI (the energy of the
first d-d transition), however, a majority of the
trans-'[RhL4XY] complexes (L = azaaromatic ligands
and various other amines; X, Yare the various
monovalent anions) do not conform to this corre-
lation. They inferred, therefore, that there exists
no relation between the E1/2 values with any observed
spectroscopic properties of the complexes. In the
light of these observations it seemed interesting
to us to investigate the behaviour of simple Rh(III)
complexes of the type [Rh(NHa)sX]n+ (X = H20,
Cl, OH-, NCS-, NOi) on the basis of their El/2
and K, (rate constant for electrode reduction)
with the spectral parameters of the complexes.
Materials and Methods
[Rh(NHs)5CI]CI2 was prepared according to the
method of johnson and Basolo? from which
[Rh(NHs)5HaO] (CI04ls was prepared in a way
described in literatures. [Rh(NHs)flNCS](Cl04)2 and
[Rh(NHa)5N02](CIO,)2 were prepared by the methods
of Schmidtke" and Basolo et a/.lO respectively.
All other chemicals used were of AR grade.
Polarograms were recorded on a Metrimpex OH
101 polarograph using a Fl-cell coupled with a
saturated calomel electrode (SCE). In order to
obviate irreproducible results due to precipitation
of potassium perchlorate at the interface when
418
the conventional SCE is used in conjunction with
a perchlorate medium, a calomel saturated in sodium
chloride rather than potassium chloride was used.
The voltage unit of the polarograph was previou~ly
calibrated with a Leeds and Northrup potenuc-
meter (type K3) within the desired range. The
dropping mercury electrode had the following
characteristics: m = 2·11 mg/sec, t = 4·61 see at
zero voltage (vs SCE) in O'lM NaCIO",. Deoxy-
genation of the solutions to be polarographed w~s
achieved by bubbling purified hydrogen. Ionic
strength was held constant (O·lM) using sodium
perchlorate. The complexes were made up as
1 mM solutions. Polarograms were run down to
about -1·5V where base electrolyte reduction
begins. Pronounced maxima obtained earlier were
suppressed by the addition of gelatin solution
(0·005% final concentration). For each set, ~ri-
plicate runs were ta ken for the correct evaluation
of £1/2 and id•
Results and Discussion
The complexes studied gave well-defined waves
which were shown to be diffusion-controlled by
the linearity of plots of the limiting current against
the square root of the height of mercury head and
concentration of the depolarizer.
The value of n, the number of electrons involved
in the reduction process has been determined pre-
viouslyS,ll as two for a few Rh(III) complexes by
analysis of the Ilkovic equation. Also, there is
evidence that the controlled-potential electrolysis
of a Rh(III) complexes produces Rh(I) as an inter-
mediat.e and that. not more than two electrons per
rhodium ion are involved in the recLuctionll,12.
Diffusion coefficients were evaluated from the Ilkovic
equation.
The irreversible nature of the electrode process
was revealed from the high values of the slopes
of the conventional log-plots.
The heterogeneous rate constant (K,) for the
overall cathodic process has been determined by
the method of Oldham and Parry13 as adopted
earlier-". The results of polarographic studies are
NAG & BANERJEE: CORRELATION OF SPECTRAL PROPERTIES ON E1/2 OF Rh(IU) C0l\1PLEXES
TABLE1 - POLAROGRAPHICRESULTSOF [Rh (III) (NH3 )5X]n+ COMPLEXES
(Cone. of the solutions 1 mM; E,= -0·8 V)
X -E1/2 Slope .* Di X 103 Krld
(V) of log plot (!LA) (em see-O) (cm-1 sec-l
(mV)
CI- 0·87 190 4·6 3-32 7·88 X 10-'
HaO 1·07 120 7·0 3-60 9-55 X 10-s
NCS- 1-14 147 10-5 4·97 1-24x10-i
NO; 1·26 119 12-6 5-97 4·15 X 10-7
lSr TABLE 2 - SPECTRALCHARACTERISTICSOF[Rh(III)(NH.hX]n+ COMPLEXES
X lA1g ••.•ITlg 1..A1g.•.•.IT2g lODq
(kK) (kK) kK
ct- 28-9
·OH- 31-3 36-1 32-3 0-+3
·HaO 31-8 38-2 33·0 0-6()... ·NCS- 31·2 33·2 0-39z~ ·NO. 33-9 40-7 35-2 0·64-
~
III: ·Data taken from ref, 9-;:)
u
-0-9 -1·'
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-1-3
Fig, 1 - Typical polarograms of [Rh(NH3l&X)ft+ complexes
[(I) [Rh(NH3J.CI]CI.; (I) [Rh(NH3) 5H.O.] (CIO.)3; (III)
[Rh(NHs).NCS](CIO.). and; (IV) [Rh(NH.).NO.] (CIO.)!_
Concentration of the solutior,s ca. 1 x lO-sM. The current
scale is arbitrary as different sensitivity rarges of the instru-
mer.t was used for different compounds.
shown in Table 1, and the typical polarograms are
given in Fig. 1.
In his studies with Co(llI) complexes of the
type [Co(NH3)SX]n+ Vicekl.2 suggested that the
overall change of the electronic configuration during
conversion of Co(1I1)-+Co (II) might occur by two
different paths, viz.
(i) Co(III) (tgg)~ Co(II) (tgge~)~~~~Co(II) (t2~e~)
(ii) Under the influence of applied e.m.f., during
activation an electron transition mav occur from
the lower lying filled d-orbitals to" higher level
d-orbitals and the reduction may occur through
acceptance of an electron into the vacated lower
d-orbital,
Co(III) (t~g)-+Co(III) (t~ge~)~Co(lI) (t~ge:)
According to the path (i) the redox potential of
the system would be large and negative and the
reduction process will be almost reversible; VI~ek
rejected this mechanism since the experimental
data could not verify it. On the other hand, path
(ii) has been shown to be valid. If the similar
mechanism holds good for the Rh(III) complexes.
one may write the following scheme for reduction:
Rh(III) (t~g) ~Rh(III) (t~g e~)~Rh(I) (tgg e!)
In general, in the Rh(III) complexes only the
~rst spin-allowed ligand field band lAlg-+ITlg(Vl)
IS observed, the second spin-allowed transition
I\A1g-+IT2g (v2) is frequently masked by the charge
transfer absorption. Even when this is observed
its position is often considerably mcdified by the
charge transfer transitions, In Table 2, the spectral
parameters for the pertinent Rh(III) complexes
have been summarized. Since the two principal
bands are the two expected spin-allowed transitions
to the t~g e! configuration, one may expect therefore
to find a linear relation between E1/2 and VI or V2-
The energies of these two transitions are given by
the relations
86B2
E[1A1g-+IT1g]= 10Dq-4B+10Dq
2B2
E[lA1g-71T2g] = 10Dq+ 12B + lODq
From these expressions it is evident that a better
correlation should e-xist between E1/2 and the lODq
value or the nephelauxetic parameter (~) (Bcomplex/
Bfree ion) cf the complexes, Unfortunately, only
for few Rh(III) complexes, the lODq values are
available. Due to possible admixing of the V2 band
with the charge transfer band, the ~ values for
the Rh(III) complexes cannot be regarded as very
41<}
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Fig. 2-Plotof -Et versus "1 (1); plot of -Et versus lODq (2), and plot of -logK, versus Vi (3); for the complexes
[Rh(NHshX1]M[(X=Cl-. (8); H20 (e); OH- (~); NCS- (A); NO; (0))
reliable. Hence, any attempt to correlate E1/zwith
l' might prove to be hazardous, though such a corre-
lation would have been useful as the nephelauxetic
parameter indicates the extent of covalent bonding
in the complexes.
In Fig. 2, El/2 values have been plotted against
'11 of the complexes and also against the available
10Dq values. The El/2 for [Rh(NHs)50H]2+ as
determined by Johnston and Pagell (-1'10 V at
pH 9-40, E1/2 varies with PH) has been included for
comparison. In both the cases the data can
be fitted approximately on linear plots with
similar gradients (6·1x1O-5 V em). The latter
plot appear;; to be slightly better compared to the
former one. For Rh(III) complexes of the type
[Rh(en)2X2], Crows obtained a linear plot with gra-
dient 4·2 X 10-5 V ern for the plot of E1/2 of the
complexes against av, the difference between the
energy of the first spin-allowed transition in the
ion [Rh(en)3]3+ and the first singlet band in the
complexes. For a few trans-[Rh(en)2X2] complexes
Gillard et al.5 could fit their data on a linear plot
having slope 3·0 X 10-5 V ern. A linear relationship
can also be obtained by plotting -log K, against
420
VI (K,= rate constant of electrode reduction) as
shown in Fig. 2.
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